To the Editor: Autonomic dysfunction is an important factor in the pathogenesis of unstable angina pectoris (UAP). It affects coronary artery systolic function, induces coronary spasm, aggravates myocardial ischemia, reduces ventricular fibrillation threshold, and increases the incidence of sudden cardiac death in UAP. [1] Oxidative stress, which is defined as an excessive production of reactive oxygenated species (ROS) that cannot be counteracted by the action of antioxidants, has been proposed as an underlying mechanism that contributes to the initiation and progression of cardiovascular diseases. [2] Although the cause-and-effect relationship between autonomic dysfunction and oxidative stress has not been determined, it has been suggested that oxidative stress is one of the most crucial mechanisms that contributes to the onset and progression of neurodegenerative diseases by causing excitotoxicity, neuronal loss, axonal impairment. [3] Studies have reported that serum levels of homocysteine (Hcy), uric acid, albumin, and bilirubin are simple laboratory parameters that reflect natural oxidativeantioxidant status. Furthermore, previous study showed that increased oxidative stress predicted autonomic dysfunction in diabetes. Heart rate variability (HRV) has considerable potential to evaluate the role of autonomic nervous system fluctuations in healthy individuals and in patients with various cardiovascular disorders. [4] It is reported that suppressed HRV was associated with increased oxidative stress in both essential hypertensive and prehypertensive patients. [5] Nevertheless, whether HRV is associated with endogenous oxidative-antioxidant substances in circulation has not been investigated. Therefore, we performed a cross-sectional study to investigate the correlation between HRV and circulating natural oxidativeantioxidant substances in patients with unstable angina. Two hundred sixteen consecutive Chinese patients who were admitted in Affiliated Hospital of Shandong University of Traditional Chinese Medicine Cardiovascular department within 48 h for unstable angina between February 1, 2015 and May 1, 2017 were included in our study. Patients were diagnosed with unstable angina if they presented at least one of the 3 following features: (1) angina occurring at rest and prolonged, greater than 20 minutes; (2) new onset angina of at least Canadian Cardiovascular Society class III severity (within 1 month); and (3) previously diagnosed angina that had become distinctly more frequent, longer in duration, or lower in threshold: any of these findings should be associated with the absence of increased markers of myocardial necrosis (creatine kinase-MB isoenzyme and troponin I), with or without ST-segment or T-wave abnormalities on an electrocardiogram (ECG). [6] Patients were not eligible if they presented with one of the following conditions: hemodynamically unstable valvular heart disease, congenital heart diseases, recent history of acute myocardial infarction or percutaneous transluminal coronary angioplasty (<4 weeks prior to hospitalization), persistent atrial fibrillation and severe heart conduction disorders, acute heart failure or acute attack of chronic heart failure, abnormal hepatic function (Aspartate aminotransferase [AST] and Alanine aminotransferase [ALT] >3 times the upper normal limit), renal failure (serum creatinine >1.5 mg/dL), recent gout, severe respiratory illness, malignant tumor, connective tissue diseases, recent surgery, and recent infectious and inflammatory disease. Finally, 190 patients with unstable angina but without typical changes in the ECG and troponin were enrolled.
The following data of those eligible patients were collected from their medical records: (1) Demographic properties, (2) Biochemical measures, (3) HRV. Analyses were performed using SPSS 22.0 (SPSS Inc, Chicago, IL, USA). For study purposes, differences in characteristics between participants with standard deviation of all NN intervals (SDNN) < 100 ms (suppressed HRV) and those with SDNN ≥ 100 ms (normal HRV) were compared using Student's t-test for continuous variables and a chi-square test for dichotomous variables. Data are expressed as the mean± standard deviation (SD) for normal distributed variables and frequencies and percentages (n [%]) for categorical variables. Univariate correlation analysis was carried out using the Pearson or Spearman correlation test. Stepwise multivariate linear regression analysis (inclusion at 0.05 and exclusion at 0.01) was used to identify the association between HRV parameters and serum levels of Hcy and circulating antioxidants. Bonferroni correction was further conducted to control for the effect of multiple testing (P < 0.008). Binary logistic regression analysis was performed to identify significant independent factors related to suppressed HRV. Clinical variables (age, sex, smoking, body weight, and alcohol drinking), history of diseases (hypertension, diabetes, chronic heart failure, and stroke), heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP), medical therapy (diuretics, b-blockers, angiotensin-converting enzyme inhibitor [ACEI]/Angiotensin receptor blocker [ARB], statins, and insulin), biochemical markers (albumin, bilirubin, urea acid, Hcy, creatinine, blood fasting sugar, triglycerides, total cholesterol, and HDL-C), and hemoglobin A1c were regarded as independent variables. The distributions of total power (TP), low frequency power (LF), and high frequency power (HF) were skewed and not normally distributed, and they were converted to natural logarithms before statistical analyses were performed. The level of significance was set at the 2-sided P < 0.05 level. as per a cutoff of 100 ms for SDNN. Patients with suppressed HRV were statistically significantly older (P = 0.003), and their heart rate was statistically significantly higher compared with patients with normal HRV (P = 0.002). Relative to patients with normal HRV, those with suppressed HRV had statistically significantly lower levels of high-density lipoprotein cholesterol (HDL-C), albumin, and direct bilirubin and higher levels of hemoglobin A1c, serum creatinine, urea nitrogen, uric acid, and Hcy (P < 0.05), and they were also more likely to have chronic heart failure (P = 0.003).
Univariate correlations of serum Hcy, albumin, uric acid, and bilirubin with HRV parameters after Bonferroni correction are shown in Table 2 . The time-domain HRV parameter SDNN value was positively correlated with serum levels of albumin (r = 0.296, P < 0.001) and negatively correlated with levels of Hcy (r = À0.302, P < 0.001). Square root of the mean of the sum of the squares of differences between adjacent NN interval (RMSSD) was positively correlated with serum concentrations of albumin (r = 0.212, P = 0.004) and direct bilirubin (r = 0.292, P < 0.001). Additionally, the frequency-domain HRV parameter natural logarithms low frequency power (Ln LF) was positively correlated with serum levels of albumin (r = 0.201, P = 0.007) and direct bilirubin (r = 0.209, P = 0.006).
After adjusting for possible confounding by clinical variables (age, sex, smoking, body weight, and alcohol drinking), history of diseases (hypertension, diabetes, chronic heart failure, and stroke), heart rate, SBP and DBP, medical therapy (diuretics, b-blockers, ACEI/ARB, statins, and insulin), biochemical markers (creatinine, blood fasting sugar, triglycerides, total cholesterol, and HDL-C), and hemoglobin A1c, multiple linear regression analyses and logistic regression analysis were performed. SDNN remained positively correlated with albumin levels (beta = 0.393, P < 0.001) and inversely correlated with Hcy levels (beta = À0.316, P < 0.001). Moreover, SDNN was associated with hemoglobin A1c (beta = À0.268, P < 0.001), SBP (beta = À0.183, P = 0.005) and chronic heart failure (beta = À0.144, P = 0.03). Additionally, RMSSD was positively correlated with HDL-C levels (beta = 0.268, P < 0.001), direct bilirubin (beta = 0.242, P = 0.001), albumin (beta = 0.242, P = 0.001) and age (beta = 0.256, P = 0.001), while it was inversely correlated with history of hypertension (beta = À0.176, P = 0.013). There was no correlation between frequency-domain parameters and levels of Hcy, albumin or bilirubin.
Binary logistic regression analysis revealed that decreased albumin levels (OR = 0.740 [0.656-0.835], P < 0.001) and increased Hcy levels (OR = 1.188 [1.091-1.294], P < 0.001) and hemoglobin A1c (OR = 2.067 [1.149, 3.721], P = 0.015) were independent variables predicting the occurrence of suppressed HRV.
Hcy is the demethylated metabolite of the essential amino acid methionine. The increased blood levels of Hcy can aggravate neurotoxicity by causing oxidative stress. [7] At present, there are very few studies that provide evidence supporting the association between elevated Hcy levels and autonomic neuropathy. In our present study, we found that increased Hcy was inversely correlated with SDNN, indicating that increased Hcy levels could be an indicator of depressed HRV in patients with unstable angina. We believed that this relationship might be explained by the direct neurotoxicity of Hcy and the insufficient supply of blood indirectly caused by Hcy-induced atherosclerosis.
Albumin is the main extracellular molecule responsible for maintaining the plasma redox state. It exerts antioxidant activity by limiting ROS production and by scavenging ROS. [8] In patients with type 2 diabetes, serum albumin was significantly associated with the severity of neuropathy reflected by median motor nerve conduction velocity after adjusting for confounding variables. [9] In our study, we found that decreased albumin levels were inversely correlated with SDNN and RMSSD values after adjusting for confounding variables; moreover, decreased albumin could indicate depressed HRV in patients with unstable angina. This finding indicated that decreased albumin levels might reflect autonomic dysfunction in unstable angina patients.
Bilirubin, the end product of heme catabolism, is convincingly regarded as an endogenous antioxidant and antiinflammatory molecule. Studies have consistently shown that increased bilirubin levels were negatively correlated with the occurrence of cardiovascular diseases, hypertension, diabetes, and metabolic syndrome. [10] Moreover, in type 2 diabetic patients, physiological serum bilirubin concentrations are inversely associated with the prevalence of cardiovascular autonomic neuropathy. [11] In agreement with these studies, our results show that blood levels of direct bilirubin were positively correlated with RMSSD, indicating that unstable angina patients with higher levels of direct bilirubin have better parasympathetic activity. Nevertheless, this result did not mean that higher bilirubin levels are completely beneficial to the autonomic nervous system because excessively high levels of bilirubin can be neurotoxic. [12] In conclusion, our study indicates that in patients with unstable angina, the blood levels of albumin, direct bilirubin, and Hcy are associated with HRV. These commonly used laboratory parameters together with depressed HRV could be useful in the diagnosis of cardiac autonomic neuropathy.
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